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• What is a seismometer ?

• Why send a seismometer to the Moon ?

• Past seismometers on the Moon

• What have we learned ? What’s leU to learn ?

• Which requirements for the next seismometers ?

• The technical challenges of geophysical packages and seismometers

• Some Incoming Missions

• The LBBS – VBB instrument

• Performance sheet

• What’s next ?
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Summary



• It’s basically a device converDng the ground moDon (posiDon,
speed or acceleraDon) into a signal that can be recorded

• Two opDons can be considered :
– Monitoring of the moDon of a proof mass (inerDal reference)

– Monitoring of the moDon of a reference point versus another

• The ground moDon is therefore converted first in mass
moDon, then the mass moDon is converted into a signal to be
recorded
– And here come the problems

• Linearity

• Clipping (Trade‐off between the amplitude of the mass moDon and the
resoluDon required for the signal)

• Temperature variaDons
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T is the temperature
Q is the quality factor of the resonator
ω0 is the resonant frequency
m is the proof mass

(From Wieland, 2004)
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• A seismometer is just a (very) long period, very, very sensiDve
accelerometer. Most of the Dme analog …

• No « cool factor » …( e.g no laser shooDng, no 3D image)

• However ..
– Visible IR Imagers , Spectrometers : first microns

– Neutrons : up to a meter

– GPR : meters to km (best cases )

– Seismometers : sounding down to the core
• Two main techniques

– Rays : profile of speed

– Modes inversion

• AddiDonal Science : environment study
– Presence of quakes for future seglement

– Impact Science
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• Mass – spring (geophone concept)
• Hard landing concept
• Liquid filled  to block mass ‐ drained in moon
• 30 days experiment
• AdaptaDon for earth tesDng (spring and

adjustment screw changed)

Ranger

Bandwidth [Hz] 0.05‐5

Natural period [sec] 1

Max amplifica=on 1.7e+6 @ 4 Hz

Physical principle Mass‐spring

Details

Mass: magnet
Spring: coil type
Sensor: Velocity

transducer

Weight [kg] 3.4

Dimensions [mm] φ=111 L=133.4
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Lehner et al. (1962)
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Ranger Seismometer



Apollo 11

Apollo 11 PSEP LP

Bandwidth [Hz] 0.004‐1

Natural period [sec] 15

Max sensi=vity 0.5e‐10 m @ 0.45 Hz

Physical principle Mass‐spring

Details

Mass: pendulum
Spring: springs, hinges, Lacoste

springs
Sensor: Movement transducer

Weight [kg] 48 (whole instrument)

Dimensions [mm] φ=279 L=381 (container only)

Allowed Misalignment [deg] ND

Works on Earth ND

Levelling mechanism
Yes. Manual astronauts levelling system

(+/‐ 5°). Gimballed system
to level the sensor (+/‐ 2 arc sec)

Self Tes=ng Yes. Increment or step current in the coil

Power [W] ND

Thermal Power [W] ND

AFT [°C] 51.6 +/‐10
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3 Long Period Seismometers

• Mass‐spring (mass, levers, springs, Lacoste spring, hinges)

• Movement sensor
• Free period = 15 sec

• Bandwidth = 0.004‐3 Hz

Short Period Seismometer (Velocity)

• Mass‐spring (magnet‐coil in a coil)

• Free period = 1 sec
• Bandwidth = 0.05‐20 Hz 



Apollo 12‐16 PSE LP Apollo 12‐16 PSE SP

Bandwidth [Hz] 0.004‐2 0.05‐20

Natural period [sec]
15 (by design)

2.2 (aUer op modif)
1

Max sensi=vity
0.5e‐10 m @ 0.45 Hz
3e‐10 m @ 0.1‐1 Hz

0.3e‐9 m @ 1 Hz
0.5e‐10 m @ 8 Hz
8e‐4 cm/s2 @ 10 Hz

Physical principle Mass‐spring Mass‐spring

Details
Mass: pendulum

Springs, hinges, Lacoste springs
Sensor: Movement transducer

Mass: magnet
Spring: coil type

Sensor: Velocity transducer

Weight [kg] 11.5 (all sensors)

Dimensions [mm] φ=230 L=290 (container)

Works on Earth ND ND

Levelling mechanism Yes. Manual astronauts levelling system (+/‐ 5°). Gimballed system
to level the sensor (+/‐ 2 arc sec)

Self Tes=ng Yes. Increment or step current in the coil

Power [W] 4.3‐7.4

Thermal Power [W] 2.5 (Apollo 12)
6 (Apollo 14‐16)

AFT [°C] 51.6 +/‐10

Apollo 12, 14‐16
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• Typical Apollo Data 12 bits

• Example of two quakes with the same
deep focus and their cross‐correlaDon

• Arrival Dme can be determined to allow
staking
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• 4 geophones
 Base Length 60 m

 Depth 10 m

 Frequency 4,5 ‐ 9Hz

Larose, A Khan et all, 2003

Apollo 17 experiment
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1972 ‐ Apollo 17

• Designed for gravitaDonal waves detecDon

(thanks to low seismic noise in the Moon)
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• 3 containers, pressurized for lubricaDon and damping

• Bubble level at top (sunshield)

• Balance system w/micrometer screws to set pivot points

• Mass modificaDon system (failed)

Results:

• used as a single‐axis seismo

• “fourth ASN staDon”

Interpreted 30 years aUer
allowed to analyzed 40/60
unallocated events and
determine 5 of them (1 in
the far side)

Also enhanced locaDon error of
already analyzed events
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Kawamura et al, 2010
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This is not LCROSS 
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Wieczorek et
al. 2006

NRC/B. Cohen
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(From ILN Final Report)

What is a seismometer ?
Why send a seismometer to the Moon ?
Past seismometers on the Moon
What have we learned ?
What’s left to learn ?

Which requirements for the next seismometers ?
The technical challenges
Incoming Missions
The LBBS–VBB instrument
What’s next ?

NASA Lunar Science Conference David Mimoun + LBBS team  July 2010  ‐  18



• SensiDvity, resoluDon
– A seismometer needs to be heavy (or very cold !) to be good

– Need of a very sensiDve posiDon transducer

• Deployment
– Coupling with the ground needed

– Complex deployment scheme : human made or roboDcs

– Need of addiDonal mass
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• Surviving the Lunar environment (= the lunar night)
– Thermal environment

• Apollo 11 seismometer stopped working from thermal problems

• Problems solved with RPS

• Next generaDon needs cauDous thermal design
– Use of a skirt to avoid the albedo during the day

– Use of variable thermal conductances (louvers, thermal switches ….)

– RadiaDon ( 15 krad)

• AIV : tests on Earth

• Long Life needed
– Use of robust, proven technologies

– Redundancy on criDcal subsystems

• He likes company (Mole, Laser Retroreflector …)
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ISAS/JAXA



Selene-2 (JAXA) 2015 ILN 2015-2017?

MoonLite 2015 ?

Other Proposals ?Chang’e 3       2013 ?

MoonLite 201X ?

Luna Glob 2012 ?
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ExoMars Heritage Lunar A Heritage 
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Apollo

Superconducting gravimeters (SCG, to be developped)

 LBBS
~ 6 10-11 ms-2 Hz-1/2

~ p-p noise 1/10 Apollo LSB

ExoMars VBB

Moonlite
Micro-seismometer

Lunar A
Seismometer

ILN Requirements

What is a seismometer ?
Why send a seismometer to the Moon ?
Past seismometers on the Moon
What have we learned ?
What’s left to learn ?

Which requirements for the next seismometers ?
The technical challenges
Incoming Missions
The LBBS–VBB instrument
What’s next ?

NASA Lunar Science Conference David Mimoun + LBBS team  July 2010  ‐  24



Hum

PLANETARY SEISMOLOGIST

What’s Next ?

Uhhh….first, let’s fly a geophysics mission….
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See the meteoritic hum ….
(Lognonné, 2009)

And low frequency modes …

1015 Nm (!) quake at 90° of epicentral distance 

Cryo VBB on ESA Moonnext ?
Laser Strainmeter ?
(cf Araya, 2003) ?
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AddiDonal slides
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Inves=ga=ons Goals

Seismic acDvity determinaDon FormaDon of the Earth‐Moon system

Constraints or determinaDon of the
straDficaDon of the lunar interior

EvoluDon of the Moon

Constraints or determinaDon of the
thickness of the lunar crust and
characterize its lateral variability.

DifferenDaDon processes and evoluDon of
the Moon

Existence, size, state, and composiDon of
the lunar core

Impact rate (NEOs)
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PAST, PRESENT AND FUTURE OF TERRESTRIAL PLANETS
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From the Ranger missions of the 1960’s to the future network missions of the
Moon, seismometers have always been the core instruments of geophysical
packages on the Moon. As a mager of fact, despite the non‐spectacular
appearance of the data output they provide they provide (compared to imagers or
spectrometers), the analysis of their data provide unique insights to the
understanding of the Moon as a planet, and is one of the sole way to invesDgate
its deep interior, that is to say the existence of crust, core, or both, and the density
distribuDon with depth. In this paper, we will review the main technical properDes
of the past missions instruments (Ranger, Apollo passive and acDve experiments)
as well as their performances with respect to “consensus statement” science
objecDves, such as the impact flux and its internal structure. We will also
summarize briefly their main achievements. Nowadays, aUer a long eclipse period,
such geophysical invesDgaDons on the Moon witness a renewed interest from the
scienDfic community, and several missions propose to pursue and complement the
Apollo ALSEP legacy. In this paper, we will also provide a review of some incoming
instrumental projects and of their expected performances, along the scienDfic
objecDves they foresee.
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Sensor & Deployment 
Assembly

E-Box Use of package 
avionics

To deploy In “warm box”
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• Seismic Waves emiged by a quake refract themselves as
they encounter the layers interface (just like a prism)

• With enough events and nodes (but no always) , one can
retrieve the propagaDon profiles.

• With a reduced node number (and a sufficient sensiDvity)
=> study of eigenmodes
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